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© Laser engraving machine. 



© A laser engraving apparatus is provided. The 
apparatus includes a laser device (44) for outputting 
a laser beam. A workpiece (74) to be engraved is 
positioned on a support member (18). To direct the 
laser beam to a predetermined position relative to 
the workpiece, the apparatus includes a beam deliv- 
ery system. The beam delivery system includes a 
number of mirrors and a carriage assembly. The 
carriage assembly includes an X-carriage (78) and a 
Y-carriage (80). These two carriages are moved to 
cause movement of two of the mirrors (68,70) where- 
by the laser beam can be controllably and simulta- 

Sneously positioned in both X and Y directions to 
engrave the workpiece. The components and loca- 
tion of the X and Y carriages relative to the work- 
CD piece and laser device, as well as to each other, 
25 result in a portable unit. The laser engraving appara- 
tus is also modular in that it is able to communicate 
Jjjwith a separate, independent controller for use in 
operating the apparatus to engrave any one of a 
number of selected, creative patterns. 
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LASER ENGRAVING MACHINE 



This application is related to an EPC Patent 
Application having the same filing date and ap- 
plicant and entitled "Laser Engraver With X-Y As- 
sembly And Cut Control and claiming priority from 
US. Application No. 07/333121. 

The present invention relates to laser engrav- 
ers and particularly to a portable laser engraving 
machine adapted to be connected to an indepen- 
dent controller for engraving one or more selected 
patterns. 

In connection with engraving designs or other 
patterns on a workpiece such as, by way of exam- 
ple, metal, marble or wood, it is known to use a 
controlled laser beam. In U.S. Patent No. 4,354.196 
to Neumann et al. issued October 12, 1982, and 
entitled "Laser Engraving System with Massive 
Base Table and Synchronization Controls," a laser 
engraving system is disclosed in which a carriage 
is provided for moving the workpiece to be en- 
graved. This system also requires the use of two 
lasers, with one of the lasers being a reference 
laser. The system includes an extremely large and 
cumbersome platform, as well as beam delivery 
system. In order to deliver the laser beam to the 
movable workpiece. 

Other known prior art systems appear to be 
equally cumbersome and unwieldy affording no 
portability to the user. In particular, an optical scan- 
ning laser engraving system is available from Laser 
Machining, Inc. of Somerset, Wisconsin. This sys- 
tem, similar to the Neumann et al. system involves 
the use of a movable workpiece. It is a large and 
heavy system occupying a great deal of space 
and, consequently, could not be readily carried or 
transported by the user. The relationship and posi- 
tioning of the laser, beam delivery system, work- 
piece and the carriage for moving the workpiece 
contribute to the immense size of the system. 
Another commercially available laser engraver can 
be obtained from General Scanning of Watertown, 
Massachusetts. This engraver includes an elon- 
gated laser beam delivery system for directing the 
laser beam to the workpiece. Because of its length, 
this engraver is aJso unwieldy for the user to carry 
and transport. 

In comparison with known prior art laser en- 
graving systems, it would be advantageous to pro- 
vide a portable laser engraver that can be used in 
a variety of applications and which can be readily 
transported by the user. It would also be desirable 
to provide such a system with the capability of 
communicating with an independent controller for 
use in providing a variety of patterns to be en- 
graved on the workpiece and in which the cost of 
the engraver makes it available to a larger number 



of users. 

A laser engraving apparatus is disclosed which 
can be provided as a portable unit to be carried by 
the user. The apparatus is adapted to be con- 
5 nected to an independent computer controller or 
system. The independent controller enables the 
user to utilize the apparatus in engraving any one 
of a number of design patterns, as well as char- 
acters including letters. The electronic hardware 

10 utilized in the present invention is disclosed in the 
EPC Patent Application mentioned in the first para- 
graph above entitled "Laser Engraver With X-Y 
Assembly And Cut Control". This application is 
hereby incorporated by reference. 

75 The apparatus includes a support member on 

which components of the present invention are 
mounted or supported. A laser device is mounted 
to the support member and the laser device out- 
puts a laser beam for engraving a workpiece io- 

20 cated on another section of the support member. 
To direct the laser beam along a desired path, a 
beam delivery system is provided. The beam deliv- 
ery system includes a number of light-reflecting 
mirrors and a carriage assembly. A first mirror 

25 receives the laser beam outputted from the laser 
device and changes the direction of the beam so 
that it is substantially perpendicular to the direction 
of the beam outputted by the laser device. A sec- 
ond mirror communicates with the reflected beam 

30 from the first mirror and directs the laser beam in a 
direction substantially parallel to the direction of the 
laser beam outputted by the laser device but in a 
direction opposite that from the direction of the 
beam outputted by the laser device. A third light 

35 reflecting mirror communicates with the light beam 
directed by the second mirror and changes the 
laser beam direction so that the laser beam is 
directed in a substantially perpendicular direction 
to the beam direction between the second and 

40 third mirrors. A fourth mirror is in the path of the 
light beam that impinges upon the third mirror and 
directs the laser beam downward into the path of a 
lens. The laser beam outputted by the lens is 
focused on the workpiece for engraving the same. 

45 In connection with positioning the laser beam 
relative to the stationary workpiece to be engraved, 
the carriage assembly is controlled to move in 
predetermined distances in X and Y directions. 
Because the third and fourth mirrors move with the 

so carriage assembly, the position of the laser beam 
relative to the workpiece can be controlled. More 
specifically, the carriage assembly includes an X- 
carriage, a Y-carriage and a carrier. The carrier is 
movable in the X direction. The third mirror is 
fixedly mounted to the carrier. The fourth mirror is 
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supported by the carrier and is adapted to be 
movable relative to the carrier in the Y direction. 
Movement of the X-carriage results in movement of 
the third and fourth mirrors to position the laser 
beam in the first or X direction. Movement of the Y- 
carriage results in movement of the fourth mirror to 
permit predetermined positioning of the iaser beam 
in the second or Y direction. 

The X-carriage includes, in the preferred em- 
bodiment a first ball screw and a first ball nut The 
ball screw is coupled to a first servo motor. The 
ball nut Is connected to the carrier. Upon activation 
or energization of the first servo motor, the first ball 
screw moves relative to the first ball nut to enable 
the carrier to move in the X direction. Depending 
upon the manner of energization of the first servo 
motor, the ball screw can be caused to rotate either 
clockwise or counterclockwise to thereby control 
movement in either the positive or the negative X 
direction. For definitional purposes only, movement 
of the carrier towards the first servo motor is de- 
fined as a positive X direction while movement of 
the carrier away from the first servo motor is de- 
fined as a negative X direction. As explained more 
fully in the aforesaid related U.S. patent application, 
an encoder communicates with the first servo mo- 
tor to provide information concerning rotation of the 
ball screw and, concomitantly, movement of the 
carrier In the X direction, which Information Is used 
in positioning the carrier relative to the workpiece 
in the X direction. In connection with achieving the 
desired portable and compact size, the first ball 
screw Is positioned substantially directly above the 
laser device and is substantially parallel relative 
thereto and the carrier is substantially perpendicu- 
lar to the longitudinal extent of the laser device and 
the rolled ball screw of the X-carriage. 

The Y-carriage includes a second ball screw 
and a second ball nut The second ball screw is 
coupled to a second servo motor, which Is moun- 
ted on the carrier. Whenever the second ball screw 
Is caused to rotate, in a selected one of a clock- 
wise and a counterclockwise direction, using the 
second servo motor, the ball nut, together with the 
fourth mirror, move in one of the positive and the 
negative Y direction. Movement of the fourth mirror 
in the Y direction results in movement of the fourth 
mirror relative to the workpiece whereby the posi- 
tion of the laser beam relative to the workpiece can 
be controlled in the Y direction. The second ball 
screw of the Y-carriage is disposed substantially 
perpendicular to the longitudinal extents of the la- 
ser device and the first ball screw associated with 
the X-carriage. The Y-carriage ball screw is moun- 
ted to the carrier and Is substantially parallel to the 
length of the carrier. The majority of the length of 
the rolled ball screw of the Y-carriage is disposed 
directly above the workpiece. 



In connection with controlling movement of the 
X-carriage and the Y-carriage by means of ener- 
gization of the first and second servo motors, the 
apparatus includes electronic circuitry mounted on 

s at least one printed circuit board. The circuit board 
is contained within the housing of the apparatus 
and is located at the back thereof. The circuit 
board communicates with an output plug for con- 
nection to a cable, which communicates with the 

10 independent computer controller. 

In the preferred embodiment the housing of 
the apparatus is supported on a cabinet The hous- 
ing itself has a footprint or length and width of 
about 2 feet by 2.5 feet (610 mm x 760 mm) and 

75 with the height of the housing at its greatest being 
about 1 foot (300 mm). The housing includes front 
rear and side walls and an upper surface. The 
upper surface includes a hinged panel, which is 
pivotal to permit access by the user to the support 

20 member section supporting the workpiece whereby 
the workpiece can be positioned for engraving and 
removed after engraving. The upper surface also 
includes a control panel, which is used by the 
operator in conducting the necessary engraving 

25 steps. In the preferred embodiment, the portable 
apparatus, including the housing, weighs less than 
about 75 pounds (165 kg), with the weight of the 
apparatus, apart from the housing, typically being 
about 25 pounds (55 kg). 

30 Based on the foregoing summary, a number of 
salient features of the present invention are readily 
discerned. A laser engraving apparatus is provided 
for communication with an independent computer 
controller to engrave a workpiece with one of any 

36 desired number of attractive patterns. The appara- 
tus is preferably configured as a portable unit 
which can be carried by the user, if desired, to a 
suitable location. Because of Its construction, the 
laser device can be provided as a subassembly 

40 wherein the laser is tested and aligned apart from 
the assembly of most other components of the 
apparatus. As a consequence, safety precautions 
are enhanced in connection with the assembly of 
the laser device. That is, the laser device can be 

45 assembled in a relatively more safe and secure 
location and then transported to another assembly 
location where the remaining components of the 
apparatus are assembled. Because of the unique 
beam delivery system, the workpiece to be en- 

50 graved remains stationary so that if desired, dif- 
ferent sizes and geometric shapes of workplaces 
can be conveniently engraved. Furthermore, the 
design of components associated with the beam 
delivery system and their relative locations in the 

55 housing significantly contribute to the overall porta- 
ble and compact nature of the unit 

Additional advantages of the present invention 
will become readily apparent from the following 
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discussion, particularly when taken in conjunction 
with the accompanying drawings. 

Fig. 1 is a perspective view of the housing of 
the present invention supported on a cabinet* 

Rg. 2 is a perspective view of the housing of 
the apparatus, with the hinged top cover opened 
and part of the upper surface cut away to show the 
workpiece and the carriage assembly; 

Rg. 3 is a perspective view of the beam 
delivery system with the housing removed and also 
showing the output plug and cable; 

Fig. 4 is a top plan view, taken along lines 4- 
4 of Fig. 2, illustrating the beam delivery system 
including the mirrors and X and Y carnages; 

Fig. 5 is a fragmentary, lateral section, taken 
along lines 5-5 of Rg. 4, showing the laser beam 
being directed from the lens to the workpiece and 
forming cuts or bums therein; 

Rg. 6 is a fragmentary, lateral section, taken 
along tines 6-6 of Rg. 4, illustrating further details 
of the fourth mirror receiving reflected light from 
the third mirror and directing ft through the lens to 
the workpiece; 

Rg. 7 is a lateral section, taken along lines 
7-7 of Rg. 5, showing the first and second mirrors 
and the laser beam being directed using the mir- 
rors; and 

Rg. 8 is a schematic representation of the 
direction of the laser beam and the control of the X 
and Y carriages during engraving. 

In accordance with the present invention, a 
laser engraving apparatus is provided for engraving 
a workpiece with a desired pattern. With reference 
to Rg. 1, the laser engraving apparatus 20 is 
preferably raised or supported on a cabinet 22, 
which can include storage space for materials or 
other items used in the engraving process. The 
apparatus 20 itself includes an outer shell or hous- 
ing 24 comprising side walls 26 and front and rear 
walls 28, 30, respectively. An upper surface 32 
overlies the waits 26, 28. 30 and Includes a hinged 
cover 34, which enables the user to gain access to 
the inside of the housing 24 in order to properly 
position or remove the workpiece to be engraved. 
In the preferred embodiment the cover 34 includes 
a translucent section 36 by which the user is able 
to view or inspect the engraving work being done 
on the workpiece. Also part of the upper surface 32 
Is a housing panel 40 having a number of control 
buttons or switches, together with an LCD display, 
which switches can be activated by the user in 
connection with the engraving process. In the em- 
bodiment illustrated, a corrugated hose 42 is also 
provided, adjacent to the area of the housing hav- 
ing the workpiece, for carrying away smoke or 
other gases and debris that might be generated as 
a result of the engraving process. With respect to 
the portable embodiment disclosed, the apparatus 



20 weighs less than 50 pounds (110 kg) and is 
typically about 25 pounds (55kg). The length of the 
housing 24 along the side wall 26 is about 2 feet 
(610 mm), the width of the housing 24 along the 
s longitudinal extent of the front and rear walls 28, 30 
is about 2.5 feet (760 mm) and the height of the 
housing from the bottom of the housing 24 to the 
highest point of the upper surface 32 Is about 1 
foot (300 mm). From these dimensions, it can be 

to readily appreciated that the apparatus 20 is a com- 
pact laser engraving apparatus capable of readily 
being moved and carried by the user. 

With reference particularly to Rgs. 2-5, the 
mechanical assemblies and their components for 

15 providing the engraving operation are illustrated. 
Specifically, the apparatus 20 includes a laser de- 
vice 44 fixedly held to a support member or bottom 
floor 46. The laser device 44 is a commercially 
available laser available, for example, from Synrad. 

20 Inc. of Botheli, Washington. Fans 50 are provided 
adjacent to the front wall 28 of the housing 24 for 
cooling the laser device 44 during operation, when 
ft is activated or energized. The laser device 44 
outputs a laser beam 52. Hie laser beam 52 is 

25 directed to a beam delivery system 56 which in- 
cludes a mirror arrangement 58, which is com- 
prised of a number of mirrors, and a carriage 
assembly 60, which includes two carriages. 

In particular, the mirror arrangement 58 in- 

30 etudes a first light reflecting mirror 64, which re- 
ceives or communicates with the laser beam 52 
outputted by the laser device 44. The mirror 64 is 
disposed substantially at a 45* angle relative to 
the laser beam 52 impinging thereon so as to 

35 direct the laser beam in a direction substantially 
perpendicular to the direction of the laser beam 52 
outputted by the laser device 44. The laser beam 
52 directed by the first mirror 64 is incident upon a 
second mirror 66, which is disposed substantially 

40 at a 45* angle relative to the laser beam 52, which 
impinges upon the second mirror 66. Upon receipt 
of the laser beam 52, the second mirror 66 causes 
the laser beam 52 to be directed substantially 
perpendicular to the direction of the laser beam 

45 between the first and second mirrors 64. 66. Con- 
sequently, the direction of the laser beam 52 from 
the second mirror 66 is substantially parallel to the 
direction of the laser beam 52 outputted by the 
laser device 44. A third mirror 68 receives the laser 

so beam 52 directed by the second mirror 66 and is 
also disposed at a substantially 45* angle relative 
to the direction of the laser beam 52. As a con- 
sequence, the laser beam 52 is caused to be 
directed once again in a direction substantially per- 

55 pendicular to the direction of the laser beam 52 
outputted by the laser device 44. From the third 
mirror 68, the laser beam 52 is received by a 
fourth mirror 70. With reference to Rg. 6 also, the 
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fourth mirror 70 is disposed at a 45* angle to 
direct the laser beam 52 in a downward direction 
towards the support member 48 where it is re- 
ceived by a lens 72. The lens 72 focuses the laser 
beam 52 and outputs or passes the laser beam 52 
to a desired or predetermined position on a work- 
piece 74. As can be appreciated, the laser beam 
52 causes a burning or cutting of the workpiece 74, 
particularly through the upper surface thereof. 

In connection with positioning the laser beam 
52 relative to the workpiece 74, the carriage as- 
sembly 60 of the beam delivery system 56 in- 
cludes an X-carriage 78 and a Y-carriage 80. The 
X-carriage 78 is used in moving a carrier 82 of the 
carriage assembly 60 in a selected, one of first or 
positive and second or negative X directions. For 
definitional purposes, the X direction is a straight 
line direction between the front and rear walls 28, 
30, with the first or positive direction being a move- 
ment of the carrier 82 in a direction from the front 
wall 28 to the rear wall 30 and a negative direction 
being movement of the carrier 82 from the rear wall 
30 to the front wall 28. 

In the preferred embodiment the X-carriage 78 
includes a ball screw 84 extending across the 
majority of the distance between the front and rear 
walls 28, 30. The ball screw 84 is located substan- 
tially vertically above the laser device 44 and is 
substantially parallel to the length of the laser de- 
vice 44. A ball nut 86 operativety engages portions 
or threads of the ball screw 84. The ball nut 86 is 
connected to the carrier 82 whereby rotation of the 
ball screw 84 relative to the ball nut 86 causes the 
carrier 82 to move. Rotation of the ball screw 84 is 
caused by a first servo motor 88, which Is coupled 
to one end of the ball screw 84 relatively adjacent 
to the rear wall 30. The first servo motor 88 in- 
cludes an encoder for use in providing information 
concerning the position of the carrier 82, which 
encoder and its operation Is described in the afore- 
said related EPC patent application. The opposite 
end of the ball screw 84 terminates adjacent to the 
front wall 28 and is supported by mounting mem- 
ber 90. As can be readily understood, the ball 
screw 84 can be caused to rotate in a selected one 
of a counterclockwise and a clockwise direction. 
The direction of rotation Is controlled by ener- 
gization of the first servo motor 88. A first ener- 
gization of the first servo motor 88 causes a clock- 
wise rotation of the ball screw 84, while a second 
energization causes a counterclockwise rotation. 
When the ball screw 84 rotates in a clockwise 
direction, the carrier is caused to move in either 
the positive or negative X direction, while the coun- 
terclockwise rotation causes the carrier 82 to move 
in the opposite X direction. The X-carriage 78 also 
includes an X-track 84 that extends lengthwise 
between the front and rear walls 28, 30, about the 



same distance as does the ball screw 84. The 
carrier 82 is able to move along the X-track 94 
using an X-guide member 96, as best seen in Fig. 
5, which is connected to the bottom of the carrier 
5 82. Consequently, as the ball screw 84 rotates 
relative to the ball nut 86, the guide 96, which is 
attached to the carrier 82, moves along the track 
94. 

With regard to the Y-carriage 80, like the X- 

70 carriage 78, it includes a ball screw 100 that Is 
rotatable relative to a ball nut 102. Unlike the ball 
nut 86, associated with the X-carriage 78, the ball 
nut 102 moves relative to the carrier 82. That is, 
the ball nut 102 is able to move in positive and 

75 negative directions substantially perpendicular to 
the movement of the carrier 82. Such movement 
enables the fourth mirror 70 to be located at a 
desired position in the Y direction. One end of the 
ball screw 100 is coupled to a second servo motor 

20 104, while the opposite end thereof terminates at a 
mounting member 106. For definitional purposes, 
rotation of the ball screw in a predetermined one of 
a clockwise or counterclockwise results in a posi- 
tive Y directional movement of the ball nut 102 

25 from the mounting member 106 towards the sec- 
ond servo motor 104. Conversely, the opposite 
rotation of the ball screw 100 results in movement 
of the ball nut 102 in a negative Y direction from 
the second servo motor 104 towards the mounting 

30 member 106. The fourth mirror 70 is operably 
connected to the ball nut 102 and is also con- 
nected to a guide piece 108, which moves along a 
Y-track 110. The Y-track 110 extends lengthwise 
along the carrier 62 and is connected to the carrier 

3fi 82. Consequently, as the second servo motor 104 
rotates the ball screw 100 and causes movement of 
the ball nut 102, the guide piece 108 moves rela- 
tive to the Y-track 110 and desirably positions the 
fourth mirror 70 relative to the workpiece 74. 

40 In the preferred embodiment, the ball screw 
100, associated with the Y-carriage 80, and other 
components of the beam delivery system 56 asso- 
ciated therewith, are surrounded by a casing 112, 
as Illustrated In Fig. 2. As seen in Fig. 7, a laser 

45 beam shield 114 is also provided between the 
second and third mirrors 66, 68, respectively, to 
prevent exposure of the laser beam during Its tra- 
verse of the path between these two mirrors 66, 68. 
As also seen in Fig. 4, the second servo motor 104 

so is mounted to the carrier 82 and the majority of the 
length of the rolled ball screw 100 extends over a 
support section 118 that underlies the workpiece 
74. 

With regard to the first and second mirrors 64, 
55 66, respectively, they are disposed on a mounting 
plate 120, which is located at an angle relative to 
the direction of the laser beam 52, outputted by the 
laser device 44, as illustrated in Figs. 5 and 6. in 
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connection with assembling the first and second 
mirrors 64, 66, the assembler is able to adjust one 
or both of the positions of the mirrors 64. 66 so 
that the laser beam 52 accurately impinges upon 
the precise point or area on each of these two 
mirrors whereby the laser beam 52 is accurately 
directed to the third mirror 68. Consequently, 
whenever adjustment of the path of the laser beam 
52 Is required, the positions of these two mirrors 
64, 66 can be modified until the desired path is 
achieved. As also Illustrated in Fig. 4, a smoke or 
other debris extracting fan 122 is provided adjacent 
to the rear wall 30 of the housing 24 and behind 
the workpiece 74 to draw smoke or other gases 
and particles from the apparatus 20, which are 
generated during the engraving process. 

In connection with the operation and control of 
the apparatus 20, and with reference also to Fig. 7, 
the apparatus includes a printed circuit board 126 
having a number of electrical components mounted 
thereon and an outlet connector 128. The electrical 
circuitry is described in the aforesaid related patent 
application. An output plug 130 communicates with 
the outlet connector 128 and the plug 130 includes 
cable 132 with electrical conducting wires. As pre- 
viously pointed out the cable 132 connects to or 
communicates with an independent computer con- 
troller, which is used in providing information relat- 
ing to a desired pattern to be engraved. In opera- 
tion, in accordance with the disclosure in the afore- 
said related EPC patent application, the laser beam 
52 is caused to be directed to predetermined posi- 
tions relative to the workpiece 74 whereby the laser 
beam cuts or burns the workpiece 74 to create the 
desired or predetermined pattern thereon. More 
particularly, the laser device 44 is energized and 
the laser beam 52 Is modulated and directed to the 
first mirror 64. The laser beam 52 traverses the 
pathways between the first and second mirrors 64, 
66. the second and third mirrors 66, 68, and the 
third and fourth mirrors 68. 70 where the laser 
beam 52 is then directed downward by the fourth 
mirror 70 through the focusing lens 72. The laser 
beam 52 delivered from the lens 72 comes in 
contact with the workpiece 74 and causes a bum or 
cut to create a portion of the desired pattern. 

In connection with adjusting the position of the 
laser beam 52 relative to the stationary workpiece 
74 In order to create additional portions of the 
desired pattern, the control electronics circuitry, 
together with the information provided by the in- 
dependent computer controller, causes the neces- 
sary and desired energization of the first and sec- 
ond servo motors 88, 104, respectively. That is, the 
controlled energization of the servo motors causes 
the ball screws 84, 100, associated with the first 
and second servo motors 88, 104, respectively, to 
rotate in either a clockwise or counterclockwise 



direction. Depending upon the direction of rotation 
of the ball screw 84, the carrier 82 is caused to 
move in either a positive or negative X direction. 
Similarly, depending upon the direction of rotation 
6 of the ball screw 100. the ball nut 102 is caused to 
move in either a positive or negative Y direction. As 
can be appreciated, movement of the carrier 82 in 
one of the two X directions causes engraving of the 
desired pattern portions in a direction between the 

70 front and rear walls 28, 30 of the housing 24 while 
movement of the ball nut 102 relative to the ball 
screw 100 causes pattern portions to be created in 
a direction between the side walls 26 of the hous- 
ing 28. As can be readily understood, the X and Y 

is carriages 78, 80 can be caused to move simulta- 
neously to create the desired pattern. As should 
also be readily appreciated, because of the precise 
control of the rotation of the ball screws 84, 100, 
highly accurate patterns of various shapes and 

20 appearances and having a high degree of artistic 
quality can be produced. 

In addition to the precise and compact nature 
associated with the laser engraver and its opera- 
tion, the component parts thereof can be relatively 

25 easily and safely assembled. In particular, because 
of the typical concern of safety when a laser device 
is utilized, the present invention is devised so as to 
enable the laser device to be incorporated as a 
subassembly. That is, in assembling the apparatus 

30 20, the laser device 44 can be first affixed to the 
support member 46 before assembly of the re- 
maining components or assemblies of the appara- 
tus 20. Once fixed in position, the laser device 44 
can be tested and aligned by the assembler to 

35 obtain proper operation before the next steps of the 
assembly process are conducted. In that regard, 
the laser device 44 can be provided at an assem- 
bly location different from the location at which the 
other components of the apparatus 20 are assem- 

40 bled. Consequently, the laser device 44 can be 
assembled In a relatively more safe and secure 
area without noticeably disrupting or delaying the 
assembly of the apparatuses of the present inven- 
tion. 

45 Based on the foregoing detailed description, a 
number of worthwhile advantages can be easily 
recognized. A laser engraver is provided for creat- 
ing highly artistic and accurate predetermined de- 
signs and which can be built as a portable unit 

so adaptable to be carried by the user. The engraver 
Is modular in that it can be readily connected to an 
independent computer controller for inputting the 
predetermined pattern information for use during 
the engraving process. Because of this modularity, 

55 the cable interconnecting the laser engraver and 
the Independent controller can be made relatively 
long so that the portable and modular laser en- 
graver can be carried to any one of a great number 
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of desired locations. Because of the unique layout 
of the mechanical and electrical components asso- 
ciated with the engraver, the laser device of the 
apparatus can be provided as a subassembly 
thereby enhancing safety during the assembly, 
aligning and testing of the laser device. Precise 
and accurate positioning of the laser beam is ac- 
complished by the interrelationship of the X and Y 
carriages of the present invention. Relatedly, the 
positioning of such carriages greatly contributes to 
the compact and portable nature of the engraver. 
Additionally, because the workplace is stationary 
and the position of the laser beam is movable, 
different shapes and sizes of workpieces can be 
used for engraving and less cumbersome hardware 
for achieving the desired movement of the laser 
beam is utilized. 

The foregoing description of the invention has 
been presented for purposes of illustration and 
description. Further, the description is not intended 
to limit the invention to the form disclosed therein. 
Consequently, variations and modifications com- 
mensurate with the above teachings, and the skill 
or knowledge in the relevant art are within the 
scope of the present invention. The embodiment 
described hereinabove is further intended to ex- 
plain the best mode known of practicing the inven- 
tion and to enable others skilled in the art to utilize 
the Invention in such, or other embodiments, and 
with the various modifications required by their 
particular applications or uses of the invention. It is 
intended that the appended claims be construed to 
include alternative embodiments to the extent per- 
mitted by the prior art 



Claims 

1. A portable laser engraving apparatus for 
engraving a stationary workplace and in which the 
apparatus is able to be carried by the user and 
having an outlet for connection to a cable that 
communicates with an independent computer con- 
troller, comprising: 

laser means for providing a laser beam; 
beam delivery means including carriage assembly 
means movable in X and Y directions for position- 
ing the laser beam; 

support means for supporting a workpiece, wherein 
the workpiece Is stationary during engraving there- 
of using said laser beam; 

electronic means for controlling at least one of said 
carriage assembly and said laser beam during en- 
graving of the workpiece; and 
housing ' means for containing said laser means, 
said beam delivery means and said electronic 
means. 

2. An apparatus, as claimed in Claim 1, 



wherein: 

said laser means is a single laser. 

3. An apparatus, as claimed in Claim 1, 
wherein: 

5 said carriage assembly includes an X-carriage and 
a Y-canriage and wherein one of said X-carriage 
and said Y-caniage extends in a direction substan- 
tially parallel to said laser means. 

4. An apparatus, as claimed in Claim 1, 
to wherein: 

said carriage means includes an X-carriage and a 
Y-carriage and wherein one of said X-carriage and 
said Y-carriage extends in a direction substantially 
perpendicular to said laser means. 
76 5. An apparatus, as claimed in Claim 3, 
wherein: 

said X-carriage includes an elongated first ball 
screw extending in a direction substantially parallel 
to the longitudinal extent of said laser means and 
20 being disposed vertically above said laser means. 

6. An apparatus, as claimed in Claim 5, 
wherein: 

said Y-carriage includes an elongated second ball 
screw extending in a direction substantially per- 
25 pendicuiar to said support means and being dis- 
posed vertically above said support means. 

7. An apparatus, as claimed in Claim 3, 
wherein: 

said carriage assembly includes a carrier having a 
30 longitudinal extent substantially perpendicular to 
said laser means. 

8. An apparatus, as claimed in Claim 7, 
wherein: 

said X-carriage includes a first ball screw and a 
35 first ball nut and said Y-carriage includes a second 
ball screw and a second ball nut and wherein said 
first ball nut is connected to said carrier and said 
second ball nut is supported by said carrier and is 
movable relative to said carrier. 
40 9. An apparatus, as claimed in Claim 7, 
wherein: 

said X-carriage includes an X-track and said carrier 
includes a guide member and wherein said guide 
member is movable along said X-track during 
45 movement of said carrier in an X direction. 

10. An apparatus, as claimed In Claim 7, 
wherein: 

said Y-carriage includes a Y-track connected to 
said carrier and a guide member movable along 
so said Y-track. 

11. An apparatus, as claimed in Claim 1, 
wherein: 

said beam delivery means includes mirror means 
and said carriage assembly includes a ball screw, 
55 with at least portions of said mirror means being 
operativeiy associated with said ball screw to move 
In response to rotation of said ball screw. 

12. An apparatus, as claimed In Claim 1, 
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wherein: 

said beam delivery means Includes a first mirror 
receiving said laser beam from said laser means, a 
second mirror for receiving said laser beam from 
said first mirror in a direction substantially per- 
pendicular to the direction of said laser beam from 
said laser means, a third mirror for receiving said 
laser beam in a direction substantially parallel to 
the direction of said laser beam outputted from 
said laser means, and a fourth mirror for receiving 
said laser beam from said third mirror and directing 
said laser beam in a downwardly direction towards 
the workpiece. 

13. An apparatus, as claimed in Claim 1, 
wherein: 

said beam delivery means includes first, second, 
third and fourth mirrors and said carriage assembly 
includes an X-carriage, a Y-carriage and a carrier, 
wherein said first and second mirrors are fastened 
to a mounting plate disposed at an angle relative to 
said laser beam outputted from said laser means, 
said third and fourth mirrors are supported by said 
carrier with said third mirror being fixedly con- 
nected to said carrier and said fourth mirror being 
movable relative to said carrier and in which said 
third and fourth mirrors are moved in an X direction 
when said X-carriage is moved and said fourth 
mirror is moved when said Y-carriage is moved in 
a Y direction. 

14. An apparatus, as claimed in Claim 1, 
wherein: 

said housing means includes a number of walls 
and a cover portion that is movable for accessing 
the workpiece. 

15. An apparatus, as claimed In Claim 1, 
wherein: 

said support means includes a support section on 
which said laser means Is held to provide said 
laser means as a subassembly, wherein said laser 
means is adapted to be tested and aligned without 
said beam delivery means being an assembled 
part of the apparatus. 

16. An apparatus, as claimed In Claim 1, 
wherein: 

said electronic means includes a circuit board hav- 
ing outlet means for connection to a cable extend- 
ing exteriorly of said housing means and wherein 
said cable is adapted to be connected to a com- 
puter controller for providing information to the 
apparatus to be used in engraving a predetermined 
pattern on the workpiece. 

17. An apparatus, as claimed in Claim 1, 
wherein: 

said carriage means includes an X-carriage having 
a first ball screw and a Y-carriage having a second 
bail screw and wherein said first bail screw is 
substantially vertically above and parallel to said 
laser means and said second ball screw is substan- 



tially vertically above the workpiece, with said sec- 
ond bait screw being substantially perpendicular to 
said first ball screw. 

18. An apparatus, as claimed in Claim 1. 
s wherein: 

said housing means includes a length and a width 
forming a substantially rectangular shape and in 
which said laser means, beam delivery means, 
support means, electronic means and housing 
10 means together weigh less than about 75 pounds 
(165 k8). 

19. A laser engraving apparatus for engraving a 
workpiece, comprising: 

laser means for providing a laser beam: 
75 mirror means communicating with said laser beam 
for directing said laser beam along a desired path 
to the workpiece; 

X-carriage means for controlling the position of said 
laser beam in an X direction; 

20 Y-carriage means for controlling the position of said 
laser beam in a Y direction; and 
carrier means movable in said X direction; 
wherein said mirror means includes a plurality of 
mirrors and wherein at least one of said mirrors Is 

26 fixedly connected to said carrier means and an- 
other of said mirrors is supported by said carrier 
means and is movable relative to said carrier 
means in said Y direction using said Y-carriage 
means. 

30 20. An apparatus, as claimed in Claim 19, 
wherein: 

said X-carriage means includes a first ball screw 
and a first ball nut and said Y-carriage means 
includes a second ball screw and a second ball nut 
35 and wherein said first ball nut is fixedly connected 
to said carrier and said second ball nut is sup- 
ported by said carrier for movement relative to said 
carrier in a Y direction. 

21. An apparatus, as claimed in Claim 20, 
40 wherein: 

said first ball screw is substantially parallel to said 
laser means and positioned vertically above said 
laser means. 

22. An apparatus, as claimed in Claim 20, 
45 wherein: 

said second ball screw is substantially perpendicu- 
lar to said first ball screw and the majority of said 
second ball screw extends directly above the work- 
piece. 

so 
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